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(57) ABSTRACT 

The present invention provides a method of identifying 

clones encoding for membranal and secreted proteins by 
deriving probes from membrane-bound polysomes and free 
polysomes, and performing a microarray-based comparison 
of the relative abundance of the different RNA species. 

Analysis of the results of such comparison and resultant 

identi?cation of clones encoding for membranal or secreted 

proteins, provides an ef?cient tool for identifying targets of 

drug development. The present invention further provides a 

method of augmenting a microarray analysis by utilizing 
RNA extracted from speci?c subcellular compartments as 

templates for DNA probes. The method may be used 

together With conventional differential analysis techniques 
for improvement of their analysis and gene identi?cation 
functions. 

5 Claims, 3 Drawing Sheets 
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ISOLATION OF CDNA ENCODING FOR 
SECRETED OR MEMBRANAL PROTEINS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This is a conversion of US. Provisional Patent Applica 
tion No. 60/125,975, ?led Mar. 24, 1999, incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the identi?cation of 
cDNAs and genes encoding secreted or membranal coding 
mRNAs. More speci?cally, the present invention relates to 
a method of identifying clones encoding for membranal and 
secreted proteins by deriving probes from template RNA 
extracted from membrane-bound polysomes and free poly 
somes and performing microarray-based comparison of the 
relative abundance of different RNA species. Analysis of the 
results of such comparison and identi?cation thereby of 
clones encoding for membranal or secreted proteins pro 
vides a valuable tool Which may be used together With other 
gene discovery tools, and Which in itself enables identi?ca 
tion of likely targets for drug development. 

2. Description of Related Art 
The discovery of novel genes and the elucidation of their 

role in normal and pathological processes is a major goal of 
biomedical research. Gene expression pro?ling With cDNA 
microarrays is currently Widely used to obtain broad infor 
mation on expression patterns of thousands of genes in 
conjunction With various biological conditions (Spellman et 
al., 1998; lyer et al., 1999; Feng et al., 1999; Wang et al., 
1999; Whitney et al., 1999). Schena et al. developed a high 
capacity system to monitor the expression of many genes in 
parallel utiliZing microarrays. The microarrays are prepared 
by high speed robotic printing of cDNAs on glass providing 
quantitative expression measurements of the corresponding 
genes (Schena et al., 1995). Differential expression mea 
surements of genes are made by means of simultaneous, tWo 
color ?uorescence hybridiZation. Other methods that may be 
used for differential expression measurement are, for 
example, Affymetrix, oligochip, SAGE, differential display 
and its variants and subtractive hybridiZation. 

PoWerful bioinformatics tools have been developed in 
order to classify and identify interesting genes according to 
their gene expression pro?les (Eisen et al,m 1998; Bassett et 
al., 1999) and associate them With a condition of interest. 
The identi?cation and/or isolation of genes Whose expres 
sion differs betWeen tWo cell or tissue types, or betWeen cells 
or tissues exposed to stress conditions, chemical compounds 
or pathogens, is critical to the understanding of mechanisms 
underlying various physiological conditions, disorders, or 
diseases. HoWever, out of the many clones that are identi?ed 
based on interesting expression patterns, only those repre 
senting knoWn genes can be considered to be promising 
drugs or drug-targets. A signi?cant portion of the differen 
tially expressed, arrayed clones, are unknoWn ESTs fre 
quently derived from untranslated cDNA regions or con 
taining no informative structural protein patterns. Thus, no 
clues exist as to the potential function or sub-cellular local 
iZation of a large group of clones. 

Since membranal and secreted proteins are both acces 
sible and critical for transduction of numerous intra- and 
intercellular signals, they are generally vieWed as preferred 
targets for pharmacological use and intervention. Therefore, 
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2 
the a priori classi?cation of arrayed unknoWn gene 
sequences into those that potentially code for secreted and 
membranal proteins is of great value for the optimiZation of 
a high-throughput process of identifying potential drug 
targets. Furthermore, it Would be useful to further identify 
additional genes Which express membranal or secreted pro 
teins that are differentially expressed in different, cellular 
situations is of the utmost importance in designing thera 
peutic or diagnostic tools. 

SUMMARY OF THE INVENTION 

The present invention provides a method of identifying 
clones Which encode membranal and secreted proteins by 
preparing cell fractionations, preparing cDNA probes from 
template RNA derived from membrane-bound polysomes 
and free-polysomes, performing a microarray-based com 
parison of the relative abundance of different RNA species, 
analyZing the results and thereby identifying genes encoding 
for membranal and secreted proteins. Since membranal and 
secreted proteins are generally vieWed as preferred targets 
for pharmacological intervention, the present invention thus 
provides a method of identifying likely targets for drug 
development. The present invention further provides a 
method of augmenting microarray analysis by utiliZing RNA 
extracted from speci?c subcellular-compartments as tem 
plates for DNA probes. 

DESCRIPTION OF THE DRAWINGS 

Other advantages of the present invention Will be readily 
appreciated as the same becomes better understood by 
reference to the folloWing detailed description When con 
sidered in connection With the accompanying draWings 
Wherein: 

FIGS. 1A—C are graphs shoWing the distribution of RNA 
species and indifferent polysomal fractions depending on the 
subcelluar localiZation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Generally, the present invention provides a method of 
detecting genes encoding for speci?c protein groups. More 
speci?cally, the present invention provides a microarray 
based comparison of the relative abundance of different 
RNA species using cDNA probes derived from membrane 
bound polysomes and free polysomes, for the purpose of 
identifying clones encoding for membranal or secreted 
proteins, and thereby identifying likely targets for drug 
development. The methodology of the present invention can 
easily be adapted to other gene technologies Well knoWn to 
those skilled in the art, that are used for the general detection 
of differentially expressed genes. As shoWn herein, microar 
ray analysis can be augmented by utiliZing RNA extracted 
from speci?c subcellular compartments as templates for 
cDNA probes, as described herein. 

By the term “augmenting” according to the present inven 
tion it is meant that the microarray analysis is altered or 
changed. For example, augmenting includes but is not 
limited to, enabling the microarray analysis to function more 
sensitively and thus being able to detect the presence of 
additional RNAs. 
The term “compartments” according to the present 

invention, refers to a fragment or portion of the cell. This 
includes but is not limited to free polysomes and membrane 
bound polysomes. Additional subcellular fragments may be 
utiliZed Without departing from the spirit of the invention. 
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Compartments of RNA are derived by fractionation and lysis 
methods described below. 

The term “microarray analysis” as used in the present 
invention, and particularly “DNA microarray analysis”, is 
meant to include any means for determining the presence of 
speci?c RNA species in the RNA population derived from 
the various cellular compartments after their fractionation. 
Other modes of analysis Which function similarly to those as 
set forth in the examples herein, can be used according to the 
methods of the present invention. Such other modes of 
analysis are Well knoWn to those skilled in the art. 

DNA microarray analysis has become the major tool in 
the search for key genes involved in events underlying 
physiological and pathophysiological processes. 
Microarray-based comparison of the relative abundance of 
different RNA species using probes derived from 
membrane-bound polysomes and free, polysomes enables 
the identi?cation of clones that potentially code for mem 
branal and secreted proteins, thereby indicating preferred 
targets for drug development. This is achieved by compari 
son of transcript abundance in RNA fractions prepared from 
polysomes bound to rough endoplasmic reticulum and from 
polysomes located in the cytoplasm, alloWing a reliable 
prediction of Whether the gene of interest codes for a 
membranal or a secreted protein. 

The source organism may be any organism Which pro 
vides suitable mRNA. The mRNA sample is derived from 
cellular compartments based on protein localiZation Which 
are differentially analyZed to identify genes regulated by a 
stress-inducing factor (U.S. Ser. No. 09/309,862 of same 
Applicant). This method is designed for identifying and 
cloning genes that code for membranal and secreted pro 
teins. That is, the present method is designed for identifying 
and cloning genes Which are preferred targets for drug 
development, namely membranal or secreted proteins. 
As used herein, RNA refers to RNA isolated from cell 

cultures, cultured tissues or cells or tissues isolated from 
organisms Which are stimulated, differentiated, exposed to a 
chemical compound, are infected With a pathogen or other 
Wise stimulated or from normal samples. RNA can be 
isolated from speci?c cellular compartments using a sucrose 
step analysis or by other suitable methods Well knoWn in the 
art. As used herein, translation is de?ned as the synthesis of 
protein on an mRNA template. 

The method of the present invention synergistically inte 
grates tWo types of previously knoWn methodologies Which 
Were otherWise used separately. The ?rst method is the 
division of cellular mRNA into separate pools of mRNA 
derived from different polysome pools. The second meth 
odology involves the simultaneous comparison of the rela 
tive abundance of the mRNA species found in the separate 
pools by a method of differential analysis such as differential 
display (and its many variants), representational difference 
analysis (RDA), gene expression microarray (GEM), sup 
pressive subtraction hybridiZation (SSH) (Diatchenko et al., 
1996), and oligonucleotide chip techniques such as the chip 
technology exempli?ed by US. Pat. No. 5,545,531 to Rava 
et al. assigned to Affymax Technologies NV. and direct 
sequencing exempli?ed by W0 96/ 17957 patent application 
to Hyseq, Inc. 

Brie?y, subtractive hybridiZation is de?ned as subtraction 
of mRNA by hybridiZation in solution. RNAs that are 
common to the tWo pools form a duplex that can be 
removed, enriching for RNAs that are unique or more 
abundant in one pool. Differential Display is de?ned as 
reverse transcription of mRNA into cDNA and PCR ampli 
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4 
?cation With degenerated primers. Comparison of the 
amounts ampli?cation products (by electrophoresis) from 
tWo pools indicate transcript abundance. RDA, GEM, SSH, 
SAGE are described herein above. 

The speci?c cells/tissues Which are to be analyZed in 
order to identify translationally regulated genes, can include 
any suitable cells and/or tissues. Any cell type or tissue can 
be used, Whether an established cell line or culture or 
Whether directly isolated from an exposed organism. 

The fractionation can be completed to create polysomal 
subdivisions. The subdivisions can be made to discriminate 
betWeen total polyribosomes or membrane-bound ribosomes 
by methods knoWn in the art (Mechler, 1987). These sub 
divisions can be created using a sucrose step gradient. More 
speci?cally, a cell lysate can be prepared using a TEA based 
hypotonic buffer, Which can then be analyZed for mRNA 
intactness using RNAse inhibitors. Then rough endoplasmic 
reticulum is separated from other cytoplasmic components 
using a sucrose step gradient. 

Microsomal fractions may be obtained using the methods 
of the present invention as set forth in the Experimental 
Section Which are modi?cations of the methods disclosed by 
Walter and Blobel in 1983. 

FolloWing isolation and division of the total mRNA 
population into separate protein localiZation pools of 
mRNA, the relative abundance of the many mRNA species 
found in these pools are simultaneously compared using a 
differential analysis technique such as differential display, 
oligonucleotide chips, representational difference analysis 
(RDA), GEM-Gene Expression Microarrays (Schena et al., 
1995, Aiello et al., 1994, Shen et al., 1995, Bauer et al., 
1993, Liang and Pardee, 1992, Liang and Pardee, 1995, 
Liang et al., 1993, Braun et al., 1995, Hubank and SchatZ, 
1994) and suppressive subtraction hybridiZation (SSH). The 
RNA isolated from the fractions can be further puri?ed into 
mRNA Without the ribosomal RNA by poly A selection. It 
should be noted that multiple pools can be analyZed utiliZing 
this method. That is, different cell aliquots subjected to 
different stressors can be compared With each other as Well 
as With the reference sample. 

Labeled nucleic acid probes.(in a cDNA PCR product or 
rRNA transcribed from the cDNA) made from RNA derived 
from polysomal pools can be used as probes to identify 
clones of cDNA, oligonucleotides, genomic clones, and 
mRNA species that are ?xed onto a solid matrix-like 
microarrays such as GEM (shoWn in US. Pat. No. 5,545,531 
to Rava et al. and W096/17957 to Hyseq, Inc.), and mem 
branes of any kind Where clones can be either blotted after 
electrophoresis or directly loaded (dot blot) onto the mem 
brane. The label can be radioactive, ?uorescent, or incorpo 
rating a modi?ed base such as digoxigenin and biotin. 

The above discussion provides a factual basis for the use 
of the identi?cation methods of the present invention. The 
methods used With and the utility of the present invention 
can be shoWn by the non-limiting examples and accompa 
nying ?gures included herein. 

METHODS 

General Methods 

General methods in molecular biology: Standard molecu 
lar biology techniques knoWn in the art and not speci?cally 
described Were generally folloWed as in Sambrook et al., 
Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory Press, NeW York (1989), and in Ausubel 
et al., Current Protocols in Molecular Biology, John Wiley 
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and Sons, Baltimore, Md. (1989) and in Perbal, A Practical 
Guide to Molecular Cloning, John Wiley & Sons, NeW York 
(1988), and in Watson et al., Recombinant DNA, Scienti?c 
American Books, NeW York and in Birren et al (eds) 
Genome Analysis: A Laboratory Manual Series, Vols. 1—4 
Cold Spring Harbor Laboratory Press, NeW York (1998) and 
methodology as set forth in US. Pat. Nos. 4,666,828; 
4,683,202; 4,801,531; 5,192,659 and 5,272,057 and incor 
porated herein by reference. Polymerase chain reaction 
(PCR) Was carried out generally as in PCR Protocols: A 
Guide To Methods And Applications, Academic Press, San 
Diego, Calif. (1990). In-situ (In-cell) PCR in combination 
with Flow Cytometry can be used for detection of cells 
containing speci?c DNA and mRNA sequences (Testoni et 
al, 1996, Blood 87:3822.) 

General methods in immunology: Standard methods in 
immunology knoWn in the art and not speci?cally described 
are generally folloWed as in Stites et al.(eds), Basic and 
Clinical Immunology (8th Edition), Appleton & Lange, 
NorWalk, Conn. (1994) and Mishell and Shiigi (eds), 
Selected Methods in Cellular Immunology, W. H. Freeman 
and Co., NeW York (1980). 
Immunoassays 

In general, ELISAs are the preferred immunoassays 
employed to assess a specimen. ELISA assays are Well 
knoWn to those skilled in the art. Both polyclonal and 
monoclonal antibodies can be used in the assays. Where 
appropriate other immunoassays, such as radioimmunoas 
says (RIA) can be used as are knoWn to those in the art. 
Available immunoassays are extensively described in the 
patent and scienti?c literature. See, for example, US. Pat. 
Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578; 3,853, 
987; 3,867,517; 3,879,262; 3,901,654; 3,935,074; 3,984, 
533; 3,996,345; 4,034,074; 4,098,876; 4,879,219; 5,011,771 
and 5,281,521 as Well as Sambrook et al, Molecular Clon 
ing: A Laboratory Manual, Cold Springs Harbor, NY, 
1989. 

Experimental Protocols 
Cell culture protocols. 

Hela and Jurkat cell lines (ATCC) Were groWn either in 
DMEM (HeLa) or in RPMI (Jurkat) supplemented With 10% 
FCS. HeLa and Jurkat cells Were kept under normal tissue 
culture conditions. One to three hours prior to harvesting 
(for non-treated cells) or prior to treatment, culture medium 
Was replaced With a fresh one. Cells Were then Washed With 
ice cold PBS-/-, harvested on ice and either directly pro 
cessed to extraction of total RNA or collected by centrifu 
gation (400 g, 5 minutes). The cell pellet Was immediately 
froZen in liquid nitrogen and kept at —70° C. until used for 
fractionation to isolate nuclei, polysomes or microsomes. 

Preparation of membrane bound and free polysomes. For 
isolation of microsomes, Hela cells Were groWn to 
50%—70% con?uence and Jurkat cells Were groWn to cell 
densities 0.5—1><10° cells/ml. Cytoplasmic lysate Was pre 
pared essentially as described (Walter and Blobel, 1983). 
Brie?y, Hela or Jurkat cell pellets Were thaWed on ice and 
lysed With 0.25M sucrose lysis buffer (250 mM sucrose, 50 
mM TEA (triethanolamine), 50 mM KOAc pH 7.5, 6 mM 
Mg(OAc)2, 1 mM EDTA, 1 mM DTT, 0.5 mM PMSF, 200 
units/ml RNasine (Promega), 0.1 mg/ml heparin)—1 ml per 
108 cells. Cells Were homogeniZed on ice using a Te?on 
homogeniZer (Heidolph, 1000 rpm). FolloWing centrifuga 
tion (600 g, 10 minutes, 40 C.), the supernatant Was collected 
and kept on ice. The nuclei pellet Was Washed With 1 ml of 
lysis buffer and re-centrifuged (600 g, 10 minutes, 40 C.) to 
release the contaminating microsomes. The resultant super 
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6 
natant Was combined With the previous one. Total supema 
tant material Was further centrifuged to precipitate mito 
chondria (10000 g, 10 minutes, 40 C.) and heparin (1 mg/ml) 
Was added to the collected supernatant. The latter (5 ml) Was 
layered over the tWo-step sucrose gradient (2.5 ml of 2.05M 
sucrose in lysis buffer/2.5 ml of 1.5M sucrose in lysis 
buffer). After centrifugation (100,000 g, 3 hours, 4° C.), the 
upper phase (5 ml) containing mRNPs Was discarded. 
Middle phase (2.5 ml) containing membrane bound poly 
somes (MBP) and pellet containing free polysomes (FP) 
Were further used for RNA extraction. 

Extraction of RNA from membrane bound (MBP) and 
free polysomes Pellet of free polysomes Was dissolved 
in 1% SDS/0.1M NaCl. Membrane polysome fraction Was 
diluted With TE 1: 1 and SDS and proteinase K (Sigma) Were 
added to ?nal concentrations 1% and 0.1 mg/ml, respec 
tively. FolloWing incubation at 37° C. for 30 minutes, RNA 
Was puri?ed from both fractions With phenol:chloroform 
(1:1) and precipitated With 0.3M NaOAc, 20 ug/ml glycogen 
(Roche) and 50% isopropanol. FolloWing centrifugation 
(10,000 g, 20 minutes, 4° C.), RNA pellets Were Washed 
With 70% ethanol, dried and dissolved in H2O. 
Human UniGEM1 microaffay (Incyte). This commer 

cially available microarray that contains 9,700 human cDNA 
clones, 60% of them coding for knoWn genes, Was used in 
experiments With MBP and PP derived probes. Since proper 
interpretation of experimental data requires precise clone 
identity, only clones that Were veri?ed by sequencing in 
Incyte (2,800 out of 9,700) Were subjected to the analysis. 
Probe Labeling and HybridiZation to cDNA Microarrays 
cDNA probes Were synthesiZed from 50 ug of RNA using 

reverse transcriptase (Superscript, Gibco-BRL) and 18-mer 
oligo-dT primer. The hybridization probe Was composed of 
tWo cDNA populations, derived from tWo different RNA 
sources: one labelled With Cy3-dCTP and the other With 
Cy5-dCTP (Amersham), as previously described (Schena et 
al., 1996). The folloWing types of probes Were used for 
hybridiZations to different DNA microarrays: 

Unigem1(Incyte). This microarray Was utiliZed for 
hybridiZation of probes derived from different polysomal 
fractions: (1) MBP RNA from Hela (Cy3)/FP RNA from 
Hela (Cy5); (2) MBP RNA from Jurkat (Cy3)/F P RNA from 
Jurkat (Cy5). 
HybridiZation Data Processing 

HybridiZations, image processing and signal calculation 
Were performed using commercial tools (Incyte, 
GEMTools). Overall signals Were balanced by this softWare 
and differential expression values Were calculated as “Cy3 
signal” (P1)/“balanced Cy5 signal” (P2) (P2>P2) and “bal 
anced Cy5 signal” (P2)/“Cy3 signal” (P1) (P2>P1). For this 
reason, the numerical values shoWn in the tables a may vary 
from the observed images. For all differentially expressed 
clones the image data Was visually inspected. Since there 
Was observed a certain inconsistency of hybridiZation results 
obtained With loW expressed cDNA clones, in all experi 
ments only clones that displayed an hybridiZation signal not 
loWer than 500 units, at least in one of the ?uorescence 
channels, Were subjected to further analysis. 
Analysis of Discrimination of MBP and PP cDNA Popula 
tions 

Out of the annotated expressed clones, a random sample 
of 118 clones Was selected and the subcellular localiZation 
of their encoded proteins Was assigned. According to the 
literature and the SWISS-PROT database (Bairoch and 
ApWeiler, 2000), 29 of them code for either membranal/ 
secreted or ribosomal proteins (MBP-resident), 63 code for 
cytosolic or nuclear proteins (FP-resident), and the remain 
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ing 26 genes could not be clearly assigned. Frequency 
histograms Were built for In(P1signal/P2 Balanced Signal) 
since these values are anticipated to be approximated Well 
by a normal distribution (While differential expression val 
ues are not). The parameters of normal distributions Were 
then estimated for each histogram according to standard 
procedures, using the SPSS package, Which Was also used 
for the standard statistical tests for inequality of means of the 
approximated normal distributions (t-test). 
Determination of Conditional Probabilities for cDNA 
Clones to Correspond to the Membranal/Secreted or to the 
Cytosolic/Nuclear Group of Proteins 

In order to calculate the conditional probabilities, the a 
priori probability Was ?rst estimated for a selected clone to 
be MBP-resident (0L1 in equations (1,2)). This estimation is 
required since the relative portions of the tWo clone popu 
lations both on the array and in the expressed RNA popu 
lation are probably not equal (more cytosolic/nuclear clones 
are expected), thereby biasing in advance their probability of 
detection. This a priori probability for a protein to be 
MBP-resident (ot1=0.34, equation Was calculated based 
on the assignment of proteins With prominent differential 
values >0.69 (right tail, corresponding to >+2 differential 
expression values) and <—0.69 (left tail, corresponding to 
<—2 differential expression values) of the distribution, as 
given in Table 2, so that a combined distribution Would have 
these pre-determined right and left tail frequencies. The 
parameter al Was found as a solution of the equation: 

(1) 

FL1+ FR] : 

Where W=0.69, m1,m2 means of the tWo distributions, SD1, 
SD2 —their standard deviations, (I) is standard normal 
distribution function (ie 

I 
Xxexp dx), v2” [ 2] 

FL1 (FR1)—the frequency of ?rst kind (MBP-resident) 
proteins to have prominent differential values less than —W 
(more than W), FL2 (FR2)—the frequency of second kind 
(FP-resident) proteins to have prominent differential values 
less than —W (more than W). 

The conditional probabilities for proteins of the ?rst kind 
(encoded by the MBP-resident mRNAs) and second kind 
(encoded by the FP-resident mRNAs) (p1 and p2, 
respectively) under assumption on normality of distributions 
Were calculated according to the folloWing equation: 

(w-mN <2) 
a1?exp ——2 

1 _ 2(SD1) 

P(W)— 1r) [ (W_m1)2] 1 1r) [ (W_m2)2] a .exp ——2(SD1)2 +( —a ).exp ——2(SD2)2 

Where W=In(P1signal/P2BalancedSignal) and (x1 is the a 
priori probability for a protein to be of the ?rst kind. 
Bioinformatics Sequence Analysis of Selected EST Clones 

The EST sequences Were extended using QBI’s propriety 
clustering softWare (manuscript in preparation). Putative 
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8 
coding regions for the obtained contig sequences Were 
de?ned by tWo criteria: (1) open reading frame (ORF) longer 
than 50 amino acids, ?anked by untranslated region(s) 
containing multiple stop codons in all three frames; and (2) 
When a potential 5‘ UTR Was observed, the presence of an 
initiation methionine Was required; (it Was sometimes pos 
sible to de?ne it relative to the poly-Atail). The contigs Were 
characteriZed in tWo steps. First, homology searches 
(BLAST) Were performed to identify homologous 
sequences in the nucleotide and protein non-redundant (nr) 
databases of Genbank. Then the contig sequences Were 
characteriZed by prediction of motifs and domains using 
SMART (SchultZ et al., 1998), prediction of intracellular 
localiZation using PSORT (Nakai and Kanehisa, 1992), 
searching for homologous domains in the ProDom database 
(Corpet et al., 1999), and searching for homologous motifs 
in ProSite database (Hoffmann et al., 1999). 

RESULTS AND DISCUSSION 
Assessment of Subcellular LocaliZation of Putative Proteins 
by Application of Probes Derived from RNA Extracted from 
Different Polysomal Sub-fractions. 

In order to elucidate the molecular mechanisms underly 
ing physiological and pathological conditions, global gene 
expression pro?les should be deconstructed and speci?c 
genes of interest identi?ed. Among these, secreted and 
membranal proteins are natural prime targets both for drug 
development and for the investigation of physiological phe 
nomena. This is due to the key role they play in initiating and 
orchestrating complex responses as Well as to their acces 
sibility for manipulation. 

It is Well established that secreted and membranal proteins 
are synthesiZed by polysomes located on the rough endo 
plasmic reticulum (membrane-bound polysomes—MBP) 
(Mechler, B. M., 1987; Rapoport, 1992). Membrane 
associated synthesis differentiates these proteins (and the 
mRNAs that encode them) from other intracellular proteins 

that are synthesiZed on cytoplasmic free polysomes Differential pro?ling of mRNA extracted from these tWo 

distinct fractions, MBP and PP, can indicate mRNAs that are 
over-represented in one fraction over the other, and, 
therefore, Would enable us to assign putative protein sub 
cellular localiZation according to the polysomal localiZation 
of the corresponding mRNAs. 

EXAMPLE 1 

The ability to discriminate betWeen membranal/secreted 
and other proteins based on the assignment of their corre 
sponding mRNAs Was tested in tWo cell systems: a cervical 
carcinoma cell line (HeLa) and a T-cell lymphoma line 
(Jurkat). In each case RNA Was prepared from isolated MBP 
and PP fractions, and cDNA probes Were produced and 
hybridiZed to the generic human UniGEM1 cDNA microar 
ray. Nearly 60% (HeLa) or 47% (Jurkat) of the clones on the 
array gave a hybridiZation signal. Indeed, When examining 
strongly differential clones (over 2-fold difference betWeen 
MBP and PP) for Which sub-cellular localiZation of the 
corresponding proteins is already knoWn, a clear correspon 
dence emerges betWeen differential expression and protein 
localiZation (Table 1). 

HeLa-speci?c probes have identi?ed 91 clones displaying 
a higher hybridiZation signal With MBP RNA (tWo fold or 
more difference). An illustrative portion of the hybridiZation 
image is shoWn in FIG. 1A. The Jurkat-speci?c probe 
revealed 50 clones With similar characteristics. In both cell 
systems, approximately 60% of clones Which Were at least 
2-fold over-represented in the MBP RNA fraction 
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(differential value<=—2) coded for known secreted, mem 
branal or RER-resident proteins. These include secreted 
proteins like thrombospondin 1, interleukins, transmem 
brane receptors such as thrombin receptor, FGF2 receptor, 
TRAMP and others; and integral rough endoplasmic reticu 
lum proteins such as ribophorin II, reticulocalbin and signal 
recognition particle 19 kd. In addition, all ribosomal proteins 
Were invariably identi?ed Within the MBP fraction. In the 
past, it has been suggested that ribosomal proteins are 
synthesiZed on “loosely” bound polysomes (Hovland et al., 
1995) and are, therefore, theoretically legitimate for prefer 
ential detection by the MBP probe. 

To summarize, 75% of the clones over-represented in the 
MBP fraction (including those coding for ribosomal 
proteins), indeed belong to the expected protein classes. 
Furthermore, 95% of clones Which Were represented at least 
2-fold more in the FP fraction (differential value>=2) coded 
for cytosolic or nuclear proteins (Table 1). In both cases 
there Was observed a minor and currently unexplainable 
contamination (4%—6%) With clones corresponding to RNA 
species translated Within mitochondria. Thus, signi?cant 
differences in RNA abundance betWeen membrane-bound 
and free polysomes seem to distinguish betWeen clones 
coding for sercreted/membranal and cytosolic/nuclear 
proteins, albeit to different extents. 

Signi?cantly, all clones that appeared to be Wrongly 
assigned Were only sporadically detected in one cell-line, 
but not in both. The hybridiZation pro?le of 309 clones that 
gave hybridiZation signal in both Jurkat and HeLa cells Was 
Well correlated (r=0.86401), indicating a consistent distri 
bution of identical mRNAs betWeen the tWo polysomal 
fractions regardless of their cell source. An even better 
correlation Was observed betWeen tWo independent experi 
ments With the same cell type (r=0.91478). 

EXAMPLE 2 

To further support the validity of the differential pro?ling 
method, and in order to establish reliable thresholds, the 
expression pro?les from the HeLa cell system Were statis 
tically analyZed. First, the discriminative poWer of the 
method Was evaluated by comparing the differential expres 
sion distributions obtained for randomly selected and pre 
annotated populations of clones: one for MBP-resident and 
one for FP-resident transcripts. For each of the tWo assigned 
populations, a frequency histogram of log-transformed 
expression values Was built (FIG. 1B and C), and a normal 
distribution Was approximated. The clear difference betWeen 
the means of these tWo distributions (m1=—0.51, SD1=0.6 
and m2=0.32, SD2=0.64) Was signi?cant (t-test 5.89; 
DF=90; p<0.0001). Thus, the expression pro?les do indeed 
correspond to tWo distinct populations of transcripts, sup 
porting the discriminative nature of the proposed method. 

The clear differences in the tWo distributions made it 
possible to further determine thresholds for reliable assign 
ment of sub-cellular localiZation of putative proteins based 
on the relative abundance of corresponding RNAs in the 
MBP and FF fractions. To this end, tWo conditional prob 
abilities Were calculated: the probabilities fora -clone With a 
given differential expression value (betWeen MBP and FF 
probes) to be truly MBP-resident or FP-resident (eqn (2) in 
the Experimental Protocols). The calculated probabilities 
alloWed us to set a selective differential value threshold for 
a required level of accuracy (see table of calculated prob 
abilities. For example, for a clone With a differential expres 
sion value +2 (+2.5) or higher, the probability of being 
indeed FP-resident (cytosolic or nuclear) is over 92% (95%), 
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While for a clone With a differential expression value —2.4 

(—3.1) or loWer, the probability of indeed being MBP 
resident (membranal, secreted or ribosomal) is over 70% 

(80%). 
Thus, both qualitative and quantitative evaluation of the 

data indicates the validity and reliability of this straightfor 
Ward predictive method. Importantly, the thresholds calcu 
lated by thorough analysis indicate that for the process of 
detection of secreted and membranal proteins the method 
Will present a very loW false negative rate, and a reasonable 
false positive rate. Since most Wrongly assigned clones do 
not seem to be repeatedly detected in separate experiments, 
their occurrence is probably due to technical problems in 
extraction procedures. Such problems may be overcome by 
repetition of experiments and by improvement of the tech 
nology. Other, more consistent “errors” that are probably 
biologically meaningful, such as the detection of ribosomal 
and mitochondrial proteins as synthesiZed on MBP, can 
usually be ?ltered out on the basis of sequence information. 

EXAMPLE 3 

The signi?cance of the approach for gene discovery Was 
further illustrated by the detection of genes potentially 
coding for novel and knoWn membranal proteins from 
among the EST clones With differential expression values 
that reliably indicate an MBP-resident transcript. 12 EST 
clones that had not been previously annotated by Incyte 
(Table 2) Were selected. The EST sequences Were extended 
using proprietary clustering and contig assembly softWare 
(manuscript in preparation), producing contigs Which Were 
on average 3-fold longer than the original EST sequences 
(Table 2). The contigs Were characteriZed by sequence and 
motif homology searches (as detailed in Experimental 
Protocols). Three out of the 12 contigs included a signi?cant 
ORF. In all three cases, sequence homology, protein motifs 
and sorting signals indicate that these are indeed membranal 
proteins (Table 2): (1) clone 322080 Was found to be the 
SERP1 gene (AB022427) a human orthologue of the rat 
ribosome associated membrane protein RAMP4 (AJ238236) 
(Schroder et al., 1999). (2) the contig for clone 485173, 
Which Was found to possess a putative coding sequence of 
235 amino acids, Was predicted to have a signal peptide and 
four transmembrane domains; (3) a similar prediction for a 
membranal status Was made for the 160 amino acid ORF 
identi?ed Within the contig from clone 429959. Moreover, 
the predicted protein Was found to be homologous to a 
lysosomal-associated multispanning membrane protein 
(U51240) (Adra et al., 1996). These ?ndings further under 
score the importance of the proposed approach. 

Several screening methods that have emerged to facilitate 
identi?cation of novel secreted and membranal proteins. 
HoWever, all of them are laborious and involve an 
expression-cloning step based on the utiliZation of knoWn 
structural features, the presence of signal peptide or trans 
membrane domain(s) (Chen et al., 1996; Tashiro et al, 1993). 
The method of the invention, Which is independent of the 
availability of open reading frame information and relies 
solely on cell fractionation and RNA isolation procedures, 
signi?cantly extends the utility of microarray applications 
by alloWing the rapid identi?cation of highly relevant mem 
branal and secreted proteins. 
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The technological improvements of cDNA microarray 
analysis presented herein clearly and reliably extend and 
augment expression-based gene discovery. They alloW com 
prehensive measurement of gene expression embracing vari 
ous modes of gene regulation as Well as a high-throughput 
sequence-independent classi?cation of arrayed clones 
according to the sub-cellular localiZation of encoded pro 
teins. This greatly increases the scope of microarray analysis 
and optimiZes the process of selection of potential pharma 
cological targets. 

Throughout this application, various publications, includ 
ing United States patents, are referenced by author and year 
and patents by number. Full citations for the publications are 
listed beloW. The disclosures of these publications and 
patents in their entireties are hereby incorporated by refer 
ence into this application in order to more fully describe the 
state of the art to Which this invention pertains. 

The invention has been described in an illustrative 
manner, and it is to be understood that the terminology 
Which has been used is intended to be in the nature of Words 
of description rather than of limitation. 

Obviously, many modi?cations and variations of the 
present invention are possible in light of the above teach 
ings. It is, therefore, to be understood that Within the scope 
of the appended claims, the invention may be practiced 
otherWise than as speci?cally described. 
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What is claimed is: 
1. A method of identifying clones obtained from a cell 

type or tissue Which encode membranal or secreted proteins, 
comprising the steps of: 

a) preparing cell fractionations obtained from the cell type 
or tissue; 

b) isolating membrane bound polysomes and free poly 
somes from the cell fractionations; 

c) extracting intact total RNA from membrane bound 
polysomes and free polysomes, respectively; 

d) preparing cDNA probes from template RNA derived 
from the respective extracted polysomes; 
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e) hybridizing cDNA probes to a DNA microarray; 

f) performing microarray-based comparison of the rela 
tive abundance of the different RNA species; 

g) analyzing the results according to conditional prob 
abilities; and 

h) identifying genes or clones encoding membranal or 
secreted proteins. 

2. The method according to claim 1, Wherein the mem 
brane bound polysomes and free polysomes are isolated 
from the cell fractionations by sucrose step analysis. 
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3. The method according to claim 1 Wherein the genes or 

clones encoding membranal or secreted proteins identify 
likely targets for drug development. 

4. The method according to claim 1, Wherein the mem 
brane bound polysomes are obtained from rough endoplas 
mic reticulum membranes. 

5. The method according to claim 1, Wherein the cell type 
or tissue is obtained from an established cell line, from a 
culture, or directly isolated from an exposed organism. 

* * * * * 


